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Vummary* 

I his report comprises 
a discussion o{ preferred 
design practices of operat- 
ing companies on illumi- 
nation of outdoor sub- 
stations. It is based on 
data obtained from a 
questionnaire sent to com- 
mittee members. There 
.are included also data sub- 
flitted by manufacturers 
->t outdoor substation 
ghting equipment. 
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Outdoor Substation Illumination 

Design Practices of Operating Companies 



Summary 

General 

1. Outdoor substation illumination 
design has the primary purpose of 
making the substation equipment ade- 
quately illuminated at night for con- 
venient and safe operation and main- 
tenance and without undue glare. It 
may also have considerable advertising 
value for the utility company. 

2. The more common types of 
illumination used are: inverted light- 
ing, which throws the light gener- 
ally upward and outward from rela- 

. tively low post or bracket mounted 
units; overhead lighting, which 
throws the light generally downward 
and outward from units mounted 
high on the substation structures; 
and floodlighting, which focuses the 
light on the important operating 
equipment in the substation, usually 
from supports, separate from but 
adjacent to the substation structure. 
Often combinations of the three types 
of lighting are used. These different 
methods are clearly described and 
illustrated in detail by the various data 
submitted by manufacturers of light- 
ing equipment. 

3. Lighting practice varies to a 
considerable extent with the type of 
substation in relation to the trans- 
mission system. For the purpose 
of this report typical substation types 
are designated as Class I, a large 
step-up transforming and switching 
substation located adjacent to a gen- 
erating station; Class II, a large 
transforming and switching substation 
located on the transmission system 
remote from a generating station; 
and Class III, a small rural trans- 
former substation. 

Lighting Supply Equipment 

1. For Class I substations, lighting 
supply transformers are generally 
single phase, 3 wire, 115/230 v, and 
they usually do not serve any load 

'other than lighting. For Classes II 
,*nd III, lighting supply transformers 
are usually either single phase, 3 
.wire, 115/230 v, or 3 phase closed 
delta, 115 v, and they usually supply 
both light and power. The majority 
are using lamps having same rated 
voltage as the lighting transformer 
secondary. 

2. In Classes I and II, the majority 
use emergency lighting circuits sepa- 
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rate from the normal lighting circuits 
and the emergency source is from 
a 125 volt battery. However, a 
considerable number have no emer- 
gency lighting, and this is usual in 
Class III. 

3. The majority use indoor type 
lighting control cabinets located either 
in the generating station or in the 
substation control house. Outdoor 
substation lighting is usually con- 
trolled manually, seldom automati- 
cally. 

Lighting Units 

1. The average mounting height 
above grade for the lighting units 
is approximately 15 ft for brackets 
and approximately 11 ft for posts 
in Classes I and II; and slightly 
lower in each case for Class III. 

2. The most common wattage sizes 
for lamps are 200, 300 and 500 for the 
inverted and overhead systems, and 
300, 500 and 1,000 for floodlighting. 

3. The lighting intensity in foot 
candles on the major electrical equip- 
ment (on vertical plane) is generally 
between 1 and 5 fc, although some 
substations in Classes I and II use 
between 5 and 10 fc and some sub- 
stations in Class III use as low as 0.25 
fc. 

4. The lighting intensity in foot 
candles on the ground (on horizontal 
plane) is generally between 0.1 and 
2 fc, although some substations in 
Classes I and II use between 2 and 
5 fc and some substations in Class 
III use as low as 0.1 fc, 

5. The practice of the majority is 
to normally light all substation lights 
all night for Classes I and II, and to 
light _ substation lights only for in- 
spection and maintenance or during 
switching for Class III. 

Substation Receptacle Outlets 

The use _ of 115 v, single phase 
receptacles in the substation for hand 
lamps or small portable motors is 
almost universal, although in Class III 
receptacles are sometimes not pro- 
vided. These receptacles are usually 
mounted directly on substation struc- 
tures, and spaced approximately 50 
ft, and are fed, in the majority of 
cases, from circuits separate from the 
adjacent lighting circuits. 

Manhole Lighting and Outlets 

The use of permanent lighting in 
power and control cable manholes is 
1 



confined to a few substations in Class 
I, but where provided, usually both 
lighting and receptacle outlets in the 
manholes are used. 

Lighting Cables 

Lighting cables are rubber covered, 
lead covered, installed in fiber or iron 
ducts, in the majority of cases for all 
classes of substations, but there is a 
considerable use of "Parkway" cable 
laid directly in the ground, some- 
times protected with creosoted wooden 
planks. The majority use braided 
cable in the lighting post from the 
ground to the lighting unit, or braided 
cable in conduit on the structure. 

Questionnaire on Design Practice 

Data on which the foregoing sum- 
mary is based, and which is given in 
greater detail, divided into the 3 
classes, I, II and III previously de- 
fined, is given on the following pages, 
and was obtained by the committee 
through a questionnaire asking for the 
latest preferred design practices in 
outdoor substation illumination. This 
questionnaire was addressed to mem- 
bers of the Electrical Apparatus Com- 
mittee known to be concerned or 
interested in substation illumination 
design. 

Summary of Answers to Ques- 
tionnaire on Design Practices of 
Operating Companies 

CLASS I 

A Large Step-up Transforming and 
Switching Substation, Located Ad- 
jacent to a Generating Station. 

General 

1 What is the substation nominal 
voltage ? 

1—13.2 kv 7— 66 kv 6—132 kv 
1—22 kv 4— 110 kv 2— 220 kv 

2 What is the type of substation 
structure (wood, steel, "Flat" or 
"Truss" etc.)? 

All use steel structures. 

18 "Truss" type, 3 "Flat" type. 

Lighting Supply Equipment 

1 Is the lighting wiring system 2 or 3 
wire ? 

15 use 3 wire, 6 use 2 wire. 

2 Is the normal lighting circuit or 
circuits alternating or direct current 
and what is the voltage? 



Electrical Apparatus Committee 



All use alternating current. 
4— 110/220 v, 3 wire. 
4 — 115 v, 2 wire. 
5— 115/230 v, 3 wire. 
1—120 v, 2 wire. 
4—120/240 v, 3 wire. 
2 — 125/250 v, 3 wire. 
1—230 v, 2 wire. 

3 Is the emergency lighting circuit the 
same as the normal circuit with a 
separate emergency source of power, 
alternating or direct current, or is 
the emergency lighting circuit an 
entirely separate circuit, alternating 
or direct current? 

8— Use separate emergency circuits 

and direct current emergency 

source. 
8— Use no emergency lighting. 
5 — Use same circuits and separate 

alternating current emergency 

source. 

4 How are the transformers con- 
nected? (Open or closed delta, 
3 wire, etc.?) 

15 — Use single phase, 3 wire. 
2 — Use single phase, 2 wire. 
2 — Use open delta, 3 wire. 
1 — Uses closed delta. 
1 — Uses Scott, 3 wire. 

5 Do the above transformers serve any 
load other than lighting? 

14 — Use the transformers for light- 
ing only. 
7 — Use the transformers for light 
and power. 

6 What is the voltage of battery used 
for normal or emergency lighting? 

7 — Use 125 v station control battery. 
1 — Uses 250 v station control bat- 
tery. 

7 Does the above battery serve any 
other load? 

Yes, also station control service load. 

8 What type of outdoor lighting 
control cabinets are used? 

13 — Use cabinets located in the 

generating station. 
8 — Use outdoor type cabinets, of 
which 3 have remote controlled 
contactors connected in the 
lighting mains feeding the 
different lighting cabinets. The 
contactors are controlled by 
push button stations located 
either at the substation struc- 
tures or in the station main 
control room. 

Lighting Units 

1 Is floodlighting, or overhead or 

inverted lighting system used? 

9 — Use inverted. 

5 — Use inverted and overhead com- 
bined. 

1 — Uses inverted and floodlighting 
combined. 



3 — Use overhead. 

2 — Use overhead and floodlighting 

combined. 
1 — Uses floodlighting. 

2 How many units are normally 
lighted? 

11— All units lighted. 
5 — No units lighted (inspection 

only). 
3— Part of the units lighted. 

3 What is the approximate time when 
the lights are turned on and off? 

14 — Have all lights on all night. 
5— Have lights on only during 

switching or inspection. 
1 — Has all lights on until midnight 

and part on from midnight 

until daylight. 

4 Are the lights turned on and off 
automatically or manually? 

All turn the lights on manually. 

5 What is the type and location of the 
lighting control switch? 

18— Use lighting cabinets or lighting 
panels. 
3 — Use push button stations for 
remote control of contactor in 
the main circuit feeding the 
cabinets. 

6 Are the units mounted on the sub- 
station structure by brackets or on 
separate posts or in some other 
manner? 

9 — Use brackets. 

7 — Use brackets and posts. 

5 — Use posts. 

7 What is the wattage and voltage 
of lamps used? 

(a) For inverted system, 1 uses 200 
w, 3 use 300 w, 2 use 300 w for 
emergency and 500 w for normal 
lighting, and 3 use 500 w lamps. 

(b) For inverted and overhead sys- 
tem, 300 and 500 w are used for 
inverted and 150, 200, 300 and 
500 w are used for overhead. 

(c) For inverted and floodlight sys- 
tems, 1 uses 300 w for inverted 
and 1,000 w lamps for flood- 
lights. 

(d) For overhead system, 1 uses 
300 w and 1 uses 500 w lamps. 

(e) For overhead and floodlight sys- 
tem, 2 use 100 w for overhead 
and 500 w lamps for floodlight. 

(f) For floodlighting, 1 uses 500 w 
lamps. 

19 — Use same voltage lamps as their 

transformer secondary voltage. 
1 — Uses 115 v lamps on 110 v 

circuits. 
1 — Uses 120 v lamps on 115 v 

circuits. 
1 — Uses 130 v lamps on 110 v 

circuits. 

8 What is the mounting heights above 
grade? 



Average approx. 15 ft for brackets 
and 1 1 ft for posts. 

9 What is the approximate lighting 
intensity in foot candles on the 
major electrical equipment (on ver- 
tical plane) ? 

7— Use from 1 to 5 fc. 
4 — Use from 5 to 10 fc. 

10 What is the approximate lighting 
intensity in foot candles on the 
ground (on horizontal plane)? 

8— Use from 0.1 to 2 fc. 
4 — Use from 2 to 5 (c. 

Substation Receptacle Outlets 

1 Do you provide receptacles in the 
substation for hand lamps or small , 
portable motors? % 
All provide receptacles. * 

2 Are the receptacles mounted on the | 
substation structure, or on lighting 
posts or in some other manner? 

19 — Mount receptacles on the struc- 
tures. 
2 — Mount receptacles on the light- 
ing posts. 

3 What is the average spacing of 
receptacles? 

Approximately 50 ft. 

4 Is the receptacle wiring system 
single or 3 phase and what voltage? 
13 — Use single phase, 115 v. 

5 — Use both 115 v, single phase and 

230 v, 3 phase. 
1 — Uses single phase, 230 v. 

5 Is the receptacle fed from the same 
branch circuit as the adjacent light- 
ing units or is it connected to a 
separate circuit? 

13 — Use separate circuits. 
7 — Use the same circuit as lighting. 

Manhole Lighting and Outlets 

1 Do you install permanent lighting 
in your power and control cable 
manholes? 

16 — Do not install permanent light- 
ing. 
5 — Do install permanent lighting. 

2 Are lighting fixtures, or receptacle 
outlets, or both, provided in man- 
holes ? 

4 — Use both lighting fixture and* 
receptacle. \ 

1 — Uses lighting fixture only. 

3 What is the type and location of the" 
manhole control switch? 

2 — Use switch at the fixture and in 

the lighting cabinets. 
1 — Uses switch in lighting cabinet 

only. 

4 Are the manhole lighting fixture and 
receptacle fed from the same branch 
circuit, or are manhole lights con- 
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nected to one circuit and manhole 
receptacles to a separate circuit? 
2 — Use the same circuit. 
1 — Uses separate circuit. 

Lighting Cables 

1 What is the cable size, type, insula- 
tion and covering used for feeding 
the lighting units and receptacles: 
12 I se No. 6, 8, 10 or 12 rubber 

d, lead covered cable. 
: 1 No. 6, 8 or 10 rubber 

red, lead covered, "Park- 
ible. 
2 Use No. 8, 10 or 12 "Kerite" 

cable. 
2 Use N 10 or 12 rubber 

covered, braided cable. 

2 Arc the lighting cables installed in 
fiber or iron ducts, armored cable 
laid directly in ground, or installed 
in 

1 cable is installed in 

hber and iron ducts. "Parkway" 

laid directly in the ground. 

'ailed in iron 

luit, underground and ovei I 

Rubber covered, braided cable is 

installed in exposed conduits and 

lightinj nd bra., kets. 

$ Ho* tble protected if laid 

direct!) in the ground? 



3 — Use no covering over "Parkway" 

cable. 
2 — Use creosoted wooden planks 

over "Parkway" cable. 

4 Is braided or lead covered cable 
used from the ground to the lighting 
unit : 

15 — Use braided cable. 
4 — Use lead covered cable. 

5 How are the lighting fixtures 
grounded? 

19 — Use no special grounding, but 
mount fixtures on grounded 
steel structures or connect them 
to conduit system. 
2 — Connect the lighting post bases 
to the station grounding sys- 
tem. 

6 What provisions are made for 
grounding portable hand lamps, 
etc.? 

20— Make no provision. 
1 — Uses a separate No. 8 all- 
rubber insulated wire, perma- 
nently attached to appliance. 
\ test clip on the other end of 
the wire is clamped to the 
nearest ground. 
The following twenty-three {23} 
companies contributed data on illumi- 
nation design for outdoor substations 
in Class f, a large step-up transforming 



and switching substation, located ad- 
jacent to a generating station. 

Central Arizona Uight and Power 
Company 

Cleveland Electric Illuminating 
Companv 

Consumers Power Company 
Dallas Power and Uight Company 
Deepwater Operating Company 
The Detroit Edison Company 
Electric Bond and Share Company 
Gatineau Power Company 
Georgia Power Company 
Houston Uighting and Power Com- 
pany 

Kansas Gas and Electric Company 
Louisiana Steam Products, Inc. 
Milwaukee Electric Railway and 
Light Company 

M< ntaup Electric Company 
Oklahoma Gas and Electric Com- 
pany 

Pennsylvania Power and Light 
Company 

Public Sen ice Company of c. olorado 
Public Service Company of North- 
ern Illino 

Public Service Electric and Gafl 
Cum pun \ of New J 

Susquehanna Electric Compan) 

Turners Falls Power and Electric 

Compan) 

Union Ga* ami Electric Company 
Washington Water Power Compan) 




Fig. I Night View, Central Arizona Steam Electric Station and 12 Kv Switchyard 
Central Arizona Light and Power Company 
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Fig. 2— Day View, 12 Kv Switchyard— Central Arizonia Light and Power Company 




Fig. 3— Night View, 12 Kv Switchyard— Central Arizona Light and Power Company 



Ve 



Outdoor Substation Illumination 



\ 







Electrical Apparatus Committee 




c 
5 

a 

c 
© 

"■3 



c 



c 
5 

2 



G 

c 
a 

c 
c 

ft 



g 

"a 

i 



Outdoor Substation Illumination 



13 KV OPfBATINO eu« a 



ISKVOKJUDNG BUS t 
KaoLATtMO TUANSTOfiMEIl 
fie TfcANSWMEP BANK WQ 
MAIN POWER TRANSFORMER 



RANK NO 

iwit *u*iuAH>r POwfn 
TRANwofimea mo. 

TTAND8Y nJANSPORWC* f 
GENERATOR WQ. 



FT 



o 



MKVyNFTAUMUARY BUS U 



li KV UWfT ALKI U ARY BUS ■ I B 



sansfoqmer no 



TMBOWWVW SWITCHES 



aft 



W 




Iffl^lfL J 



4- 

ass. 

Cm* 



'^Lj* 



im 



» j wTi} 



© 



asss, 

2n^ 



See 






"Taoo 



0, 



"?TO I, "TOPI J3OT 

sesi *.:« , r?L__Sjsi. I was. 



KEY ONE LINE WIRING DIAGRAM 



i £ srlite^r Z ^ -J $ BajCP^flBS? 



LISHTTMG »5TBIBUTUJN PANEL NO. IN 



Kfhis, 



m 



Monr»»l Lighting 
t TorlA.iVlA?) 



^^r. 



ferlMib'544 




,/orLJn.t ■•ffttj 



4 



*nho/e LdKta 




#1 



Si 



ft<tr«« 



jrm»l Lighting 
for 9t#f,or. 

(Mr iMa»«J44) 






^ /Xv Normjl lighting 



Emergency bgM»ng 

for Sf-i+ior- 
flbr Units »3*4,J 



*r--i-i No 



. gMfng 



Lighting <iein<* V 
' -lloAtlftrd 



Mormcl Lighting 

for »Wibo 
(*>ryrvi+i*ao.C) 



£forUnrta»5A«) 



!■ 






Typical Liohtina 
Obine+frrStAhon 



I l ssa- , at^n-- 



Ptood Lighting 
5ef lector (*h«r> n 









PLAN-LIGHTING 
STANDARD BASE 
Showing Mounting Bolt* 







m 



a 



lighting C*bi«*+ Ty p ,<»l W»nhoK 

far a«njr»i Yard. jA*»,fa C*nvrchor« 

(.Igh+ing And Man- of Light and 

h»l««. BeeeptactR 

WIRING DIAGRAM 



TYPICAL LIGHTING 

PLAN FOR MANHOLES 




SUBSTATION UNIT 
for Structure Lighting far Road Lighting 



SECTION A-A 



SECTION frB 



K>r-M'a»»trBir 



c *i 




METHOO OF MOUNTING 
RECEPTACLES ON TOWERS 



Fig. 7— {Above) 
Typical Key One 
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Transform ing 
and Switching 
Sub st at io n — 
Electric Bond and 
Share Company 



Fig. 8~(Left) 
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Details for Out- 
door Substations 
— Electric Bond 
and Share Com- 
pany 
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Fig. 10 A- Day View and Fig. lOBSight View, 13.8 66 Kv Belle Isle Substation "B"— Oklahoma Gas and 
Electric Company; Fig. ll^Night View, Hudson Substation— Public Service Electric and Gas Company 

of Sew Jersey 
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CLASS II 

A Large Transforming and Switching 
Substation Located on the Trans- 
mission System, Remote from a 
Generating Station. 

General 

1 What is the substation nominal 
voltage? 

1— 13.2 kv 7— 66 kv 5—132 kv 
1—33 kv 2— 110 kv 1—165 kv 

2 What is the type of substation 
structure (wood, steel, "Flat" or 
"Truss," etc.) ? 

All use steel structures. 

15— "Truss" type, 2 "Flat" type. 

Lighting Supply Equipment 

1 Is the lighting wiring system 2 or 3 
wire? 

10 — Use 3 wire. 
7 — Use 2 wire. 

2 Is the normal lighting circuit or 
circuits alternating or direct current 
and what is the voltage ? 

All use alternating current. 

2 — 110 v, 2 wire. 
2— 110/220 v, 3 wire. 
1 — 115 v, 2 wire. 
8— 115/230 v, 3 wire. 
4—120/240 v, 3 wire. 

3 Is the emergency lighting circuit 
the same as the normal circuit with a 
separate emergency source of power 
alternating or direct current, or is the 
emergency lighting circuit an en- 
tirely separate circuit, alternating or 
direct current? 

8 — Use separate emergency circuits 

and direct current emergency 

source. 
7 — Use no emergency lighting. 
2 — Use same circuits and separate 

alternating current emergency 

source. 

4 How are the transformers con- 
nected? (Open or closed delta, 
3 wire, etc.?) 

7 — Use single phase, 3 wire. 

5 — Use closed delta. 

2 — Use open delta. 

1 — Uses single phase, 2 wire. 

5 Do the above transformers serve 
any load other than lighting? 

11 — Use the transformers for light 

and power. 
4— Use the transformers for light- 
ing only. 

6 What is the voltage of battery used 
for normal or emergency lighting? 

7 — Use 125 v control battery. 
1 — Uses 250 v control battery. 

7 Does the above battery serve any 
other load? 

Yes, O.C.B. control, etc. 



8 What type of outdoor lighting con- 
trol cabinets are used ? 
8 — Use indoor type cabinets located 

in control house. 
5 — Use outdoor type cabinets, of 
which (1) has remote con- 
trolled contactor in the main 
feed to the cabinet. The con- 
tactor is controlled from a push 
button station located in the 
control room. 
1 — Uses indoor type cabinet located 
in the control room and fur- 
nished with remote controlled 
contactor for main feed. The 
push button station is located 
outdoors at the structure. 
1 — Uses outdoor safety switches 
instead of cabinets. 

Lighting Units 

1 Is floodlighting, or overhead or 
inverted lighting system used? 

9 — Use inverted. 

4 — Use floodlighting. 

2 — Use inverted and overhead com- 
bined. 

2 — Use inverted and floodlighting 
combined. 

2 How many units are normally 
lighted? 

12 — All units lighted. 
5 — No units lighted (inspection 

only). 
1 — Part of the units lighted. 

3 What is the approximate time when 
the lights are turned on and off? 

11 — Have all lights on all night. 
5 — Have lights on only during 

switching or inspection. 
1 — Has all lights on until midnight. 

4 Are the lights turned on and off 
automatically or manually ? 

14 — Turn the lights on manually. 
3 — Turn the lights on automati- 
cally. 

5 What is the type and location of the 
lighting control switch? 

11 — Use lighting cabinets or lighting 

panels. 
3 — Use time switches. 
2 — Use push button stations for 

remote controlled contactors. 
1 — Uses outdoor safety switches. 

6 Are the units mounted on the sub- 
station structure by brackets or on 
separate posts or in some other 
manner? 

9 — Use brackets. 

6 — Use posts. 

2 — Use brackets and posts. 

7 What is the wattage and voltage 
of lamps used? 

(a) For inverted systems, 1 uses 
100 w for emergency and 200 
and 300 w for normal, 1 uses 



200 w, 1 uses 200 w for emer- 
gency and 500 w for normal, 2 
use 300 w, 2 use 300 w for 
emergency and 500 w for normal 
and 2 use 500 w lamps. 

(b) For inverted and overhead sys- 
tems, 2 use 100 w and 300 w 
lamps, the 100 w lamps are used 
for emergency only. 

(c) For inverted and floodlighting 
systems, 1 uses 200, 500 and 
1,000 w for inverted and 500 w 
for floodlights, 1 uses 200 w 
auxiliary and 750 or 1,000 w 
flood lamps. 

(d) For floodlighting systems, 1 
uses 250 w, 2 use 500 w and 1 
uses 1,000 w lamps. 

13 — Use same voltage lamps as their 

transformer secondary. 
2 — Use 120 v lamps on 115 v 

circuits. 
1 — Uses 120 v lamps on 110 v 

circuits. 
1 — Uses 130 v lamps on 120 v 

circuits. 

8 What is the mounting height above 
grade? 

Average approx. 15 ft for brackets 
and 11 ft for posts. 

9 What is the approximate lighting 
intensity in foot candles on the 
major electrical equipment (on ver- 
tical plane)? 

10 — Use from 1 to 5 fc. 
2— Use from 5 to 10 fc. 

10 What is the approximate lighting 
intensity in foot candles on the 
ground (on horizontal plane) ? 

10— Use from 0.1 to 2 fc. 
3 — L^se from 2 to 5 fc. 

Substation Receptacle Outlets 

1 Do you provide receptacles in the 
substation for hand lamps or small 
portable motors? 

15 — Provide receptacles. 
2 — Do not provide receptacles. 

2 Are the receptacles mounted on the 
substation structure, or on lighting 
posts or in some other manner? 

13 — Mount receptacles on the struc- 
tures. 
2 — Mount receptacles on the light- 
ing posts. 

3 What is the average spacing of 
receptacles ? 

Approximately 40 ft. 

4 Is the receptacle wiring system 
single or 3 phase and what voltage? 
12 — Use single phase, 115 v. 

2 — Use both single phase, 115 v 

and 230 v, 3 phase. 
1 — Uses 3 phase, 115 v. 

5 Is the receptacle fed from the same 
branch circuit as the adjacent 
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lighting units or is it connected to a 
separate circuit? 
1 1 — Use separate circuits. 
4 — Use the same circuit as lighting. 

Manhole Lighting and Outlets 

1 Do you install permanent lighting 
in your power and control cable 
manholes? 
All have no permanent lighting. 

Lighting Cables 

1 What is the cable size, type, insula- 
tion and covering used for feeding 
the lighting units and receptacles? 
9— Use No. 6, 8, 10 or 12 rubber 

covered, lead covered cable. 

6 — Use No. 4, 6, 10 or 14 rubber 
covered, lead covered, "Park- 
way" cable. 

2 — Use No. 10 or 14 rubber covered, 
braided cable. 

2 Are the lighting cables installed in 
fiber or iron ducts, armored cable 
laid directly in ground or installed 
in some other manner? 

Lead covered cable is installed in 
fiber and iron ducts. "Parkway" 
cable is laid directly in the ground. 
Rubber covered, braided cable is 
installed in exposed conduits and 
lighting posts and brackets. 



3 How is the cable protected if laid 
directly in the ground? 

4 — Use no covering over "Park- 
way" cable. 

2 — Use creosoted wooden planks 
over "Parkway" cable. 

4 Is braided or lead covered cable 
used from the ground to the lighting 
unit? 

12 — Use braided cable. 
3 — Use lead covered cable. 

5 How are the lighting fixtures 
grounded ? 

15 — Use no special grounding but 
mount fixtures on grounded 
steel structures or connect them 
to conduit system, 
2 — Connect the lighting post bases 
to the station grounding 
system. 

6 What provisions are made for 
grounding portable hand lamps, 
etc.? 

16 — Make no provision. 
1 — Uses a separate No. 8 all-rubber 
insulated wire permanently at- 
tached to appliance. A test 
clip on the other end of the 
wire is clamped to the nearest 
ground. 



The following eighteen (18) com- 
panies contributed data on illumina- 
tion design for outdoor substations in 
Class II, a large transforming and 
switching substation, located on the 
transmission system remote from a 
generating station. 

Cleveland Electric Illuminating 
Company 

Consumers Power Company 
The Detroit Edison Company 
Georgia Power Company 
Gulf States Utility Company 
Hamilton Service Company 
Houston Lighting and Power Com- 
pany 

Kansas Gas and Electric Company 
The Milwaukee Electric Railway 
and Light Company 
Ohio Power Company 
Oklahoma Gas and Electric Com- 
pany 

Pennsylvania Power and Light Com- 
pany 

Philadelphia Electric Company 
Public Service Company of Colorado 
Public Service Company of Northern 
Illinois 

Shawinigan Water and Power Com- 
pany 

United Electric Light Company 
Washington Water Power Company 
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Fig. 12— Day View and Fig. 13— Night View, 140 Kv Structure Blackstone Substation 

Consumers Power Company 
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Figs. 14 and 15-Views of the 24 Kv and 120 Kv Warren Substation~The Detroit Edison Company 
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Fig. 21— Day View and Fig. 22— Night View, 28th St. Substation—The Milwaukee Electric Railway and 

Light Company 
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Fig. 23— Day View and Fig. 24— Night View, 28th St. Substation— The Milwaukee Electric Railway and 

Light Company 
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Fig. 24A—Day View and Fig. 24B— Night View, 66 Kv Reno St. Switching Station—Oklahoma Gas and 

Electric Company 
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Fig. 26 — Day View and Fig. 21 — Night View, Siegfried 66Kv Switchyard—Pennsylvania Power and Light 

Company 
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CLASS III 

A Small Rural Transformer Substation. 

Genera/ 

1 What is the substation nominal 
voltage? 

2—13.2 kv 4—33 kv 1— 66 kv 
3—22 kv 1—14 kv 2— 110 kv 

2 What is the type of substation 
structure (wood, steel, "Flat" or 
"Truss" etc.)? 

11 — Use steel structures. 
2 — Use pipe framework only. 

Lighting Supply Equipment 

1 Is the lighting wiring system 2 or 3 
wire? 

8 — Use 2 wire, 3 use 3 wire. 
3 — Do ( not install any lighting 
equipment. 

2 Is the normal lighting circuit or 
circuits alternating or direct current, 
and what is the voltage? 

All use alternating current. 
1—110/220 v, 3 wire. 
1 — 115 v, 2 wire 
4— 115/230 v, 3 wire. 
5—120/240 v, 3 wire. 

3 Is the emergency lighting circuit 
the same as the normal circuit 
with a separate emergency source 
of power alternating or direct cur- 
rent, or is the emergency lighting 
circuit an entirely separate circuit, 
alternating or direct current? 

9 — Use no emergency lighting. 

2 — Use same circuits and separate 

alternating current emergency 

source. 

4 How are the transformers con- 
nected? (Open or closed delta, 
3 wire, etc.?) 

4 — Use single phase, 3 wire. 

3 — Use open delta. 

2 — Use closed delta. 

1 — Uses Scott connected. 

1 — Uses single phase, 2 wire. 

5 Do the above transformers serve 
any load other than lighting? 

9 — Use the transformers for light 

and power. 
2 — Use the transformers for light 

only. 

6 What is the voltage of battery 
used for normal or emergency light- 
ing? 

No battery used. 

7 Does the above battery serve any 
other load? 

No battery used. 

8 W 7 hat type of outdoor lighting 
control cabinets are used ? 

7 — Use indoor type cabinets located 
in control house. 



1 — Uses indoor safety switch in 
control house. 

1 — Uses time switch located out- 
doors in wooden cabinet. 

Lighting Units 

1 Is floodlighting, or overhead or 
inverted lighting system used? 

8 — Used inverted. 
2 — Use overhead. 
1 — Uses floodlighting. 

2 How many units are normally 
lighted? 

8 — No units lighted (inspection 

only). 
3 — All units lighted. 

3 What is the approximate time 
when the lights are turned on and 
off? 

8 — Have lights on only during 

switching or inspection. 
3 — Have all lights on all night. 

4 Are the lights turned on and off 
automatically or manually ? 

9 — Turn the lights on manually. 
2— Turn the lights on automati- 
cally. 

5 What is the type and location of the 
lighting control switch ? 

7 — Use lighting cabinets. 

2 — Use time switches. 

1 — Uses indoor safety switch. 

6 Are the units mounted on the 
substation structure by brackets, 
or on separate posts or in some other 
manner? 

7 — Use brackets. 
4 — Use posts. 

7 What is the wattage and voltage 
of lamps used: 

(a) For inverted system, 3 use 150 
w and 5 use 300 w lamps. 

(b) For overhead system, 1 uses 100 
w and 1 uses 500 w lamps. 

(c) For floodlighting, 1 uses 500 w 
lamps. 

9 — Use same voltage lamps as their 
transformer secondary voltage. 

1— Uses 130 v lamps on 120 v 
circuits. 

1 — Uses 130 v lamps on 110 v 
circuits. 

8 What is the mounting height above 
grade ? 

Average approx. 13 ft for brackets 
and 10 ft for posts. 

9 What is the approximate lighting 
intensity in foot candles on the 
major electrical equipment (on ver- 
tical plane) ? 

5— Use from 0.25 to 5 fc. 

10 What is the approximate lighting 
intensity in foot candles on the 
ground (on horizontal plane) ? 

6 — Use from 0.1 to 3 fc. 



Substation Receptacle Outlets 

1 Do you provide receptacles in the 
substation for hand lamps or small 
portable motors? 

7 — Provide receptacles. 

4 — Do not provide receptacles. 

2 Are the receptacles mounted on the 
substation structure, or on lighting 
posts, or in some other manner? 

All mount the receptacles on the 
structures. 

3 What is the average spacing of 
receptacles? 

Majority have only one receptacle. 

4 Is the receptacle wiring system 
single or 3 phase and what voltage ? 
All use single phase, 115 v. 

5 Is the receptacle fed from the same 
branch circuit as the adjacent light- 
ing units or is it connected to a 
separate circuit? 

4 — Use the same circuit as lighting. 
3 — Use separate circuits. 

Manhole Lighting and Outlets 

1 Do you install permanent lighting 
in your power and control cable 
manholes? 
Majority have no manholes. 

Lighting Cables 

1 What is the cable size, type, insula- 
tion and covering used for feeding 
the lighting units and receptacles? 
7— Use No. 10, 12 or 14 rubber 

covered, lead covered cable. 
2— Use No. 10 or 19/22 rubber 
covered, lead covered "Parkway" 
cable. 

2 Are the lighting cables installed in 
liber or iron ducts, armored cable 
laid directly in ground, or installed 
in some other manner? 

Lead covered and braided cables are 
installed in iron conduit. 
"Parkway" cable is laid directly in 
the ground. 

3 How is the cable protected if laid 
directly in the ground? 

All use no covering over "Parkway" 
cable. 

4 Is braided or lead covered cable 
used from the ground to the lighting 
unit? 

4 — Use braided cable. 
3— Use lead covered cable. 

5 How are the lighting fixtures 
grounded? 

9 — Use no special grounding, but 
mount fixtures on grounded steel 
structures or connect them to the 
conduit system. 
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6 What provisions are made for 

grounding portable hand lamps, 

etc.? 

9 — Make no provision. 

1 — Uses a separate No. 8 all-rubber 
insulated wire permanently at- 
tached to appliance. A test 
clip on the other end of the wire 
is clamped to the nearest ground. 

The following fifteen (15) companies 
contributed data on illumination de- 



sign for outdoor substations in Class 
III, a small rural transformer sub- 
station. 

Cleveland Electric Illuminating 
Company 

Consumers Power Company 
Dallas Power and Light Company 
The Detroit Edison Company 
Electric Bond and Share Company 
Houston Lighting and Power Com- 
pany 

Kansas Gas and Electric Company 



Electrical Apparatus Committee 

The Milwaukee Electric Railway 
and Light Company 

Ohio Power Company 

Oklahoma Gas and Electric Com- 
pany 

Public Service Company of Colorado 

Public Service Company of North- 
ern Illinois 

Public Service Electric and Gas 
Company of New Jersey 

Union Gas and Electric Company 

Washington Water Power Company 
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Fig. 30— Day View, Crawfis College Substation— Ohio Power Company 
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Data Submitted by Manufacturers of Lighting Equipment 



In order to combine for ready 
reference, manufacturers' latest avail- 
able data on outdoor substation light- 



Crouse-Hinds Company, Syracuse, 
N.Y. 

General 

Outdoor substations arc lighted for 2 purposes: 
first, to make operation of the substation at 
night convenient and safe; second, for its ad- 
vertising value, the lighted substation forming a 
community landmark. 

There are 3 methods of lighting an outdoor 
substation in use at the present time; namely, 
overhead lighting, lighting with street lighting 
units and floodlighting. The first 2 systems 
mentioned have decided disadvantages and each 
system will be discussed as follows: 

Overhead Lighting 

The only advantage that can be assigned to 
overhead lighting is the first cost of the installa- 
tion which is low. This system is absolutely 
wrong from a lighting standpoint as the operator 
must look directly into the light source in order 
to see the apparatus. This produces a glare in 
the eyes of the operator which makes it very 
difficult for him to see and increases the danger 
of operation of the station. It is also difficult 
to maintain the overhead units as they are 
mounted close to the high tension parts of the 
structure. 

Street Light Units 

The prismatic globe or street lighting unit has 
often been used for lighting outdoor substations 
with the units mounted 8 to 10 ft above the 
ground in the center of the bays and throwing 
their light upward. These units are inefficient 
when compared to floodlighting as the light 
distribution from the unit is uniform through 
360 deg, and in a great many cases this entire 
distribution is not useful, and a large proportion 
of the light is thrown outside the structure 
where it is of no value. It is also impossible 
in case of an emergency when repairs are to be 
made and a very high intensity is desired on one 
particular part to refocus these units toward 
the point where repairs are being made. 

Not only is the street light unit inefficient for 
floodlighting purposes but its wide distribution 
introduces a glare in the eyes of the observer 
which is contrary to good lighting practice. 
This glare spot forms an obstacle to vision and 
makes it more difficult to see the structure 
itself. An observer standing inside a station 
lighted in this manner is conscious of a distinct 
effort to overcome the glare of the units and to 
see the important points of the high tension 
structure such as disconnects. 

This is very well illustrated in a set of photo- 
graphs recently taken which are shown in Figs. 
34 and 35. Fig. 34 was taken of an installation 
of a fairly large substation adjacent to a control 
building with floodlights mounted on the 
building to light the station and additional 
units mounted on a nearby transmission tower. 



ing equipment, a request was made of 
several leading manufacturers for the 
submission of material to the corn- 



Fig. 35 shows a station lighted with the street 
light type units and this photograph was taken 
on the same night with exactly the same con- 
ditions so far as the camera was concerned, it 
being the same camera with stop F-8 and 3 
min exposure in both cases, so that the compari- 
son of light intensities should be accurate. An 
examination of these photographs will readily 
show the advantages of floodlighting. 

Floodlighting 

Floodlights mounted either directly on the 
substation structure or on poles adjacent to the 
structures provide the best all-around lighting 
for outdoor substations. The floodlights are 
efficient and project the light where it is needed. 
The light distribution is not fixed but is flexible 
as a number of combinations of reflector, lens 
and lamp can be made which will give any 
desired shape or spread of beam. In this way, 
the light from the lamp can be utilized in the 
most effective manner and all of the light can 
be thrown where it is useful. 

The floodlighting system is flexible and in 
case of an emergency where repairs have to be 
made at one particular spot several of the units 
can easily be adjusted to throw their beams at 
this point so that it is lighted brilliantly and the 
repair work is facilitated. Usually the flood- 
lights are equipped with either spread or diffusing 
lenses and in this case, the doors can be thrown 
open converting them to spotlights. 

There are several types of outdoor substations 
and the type of floodlighting employed will de- 
pend somewhat upon the type of station and 
the available mounting places for floodlights. 
A large transforming and switching station 
located near a power house can often be lighted 
very economically by floodlights mounted on 
the roof or side of the building itself with addi- 
tional units for lighting the other side of the 
station and removing shadows mounted either 
on poles at the other sides of the station or on 
transmission towers where these are located 
conveniently. Floodlights of 500 w such as type 
ADA-14 are generally used. These would be 
equipped with diffusing lenses where they are 
mounted very close to the structure or with 
horizontal spread lens if mounted at a greater 
distance. 

For lighting compact substations which have 
an overhead structure which can readily support 
the conduit system for feeding the floodlights 
such as that shown in Figs. 37 and 38 the ideal 
lighting job can be obtained by using 200 w 
floodlights such as type ADA-12 mounted on the 
structure itself and equipped with 200 w, 
PS-30 bulb lamp and diffusing lenses. This, of 
course, is a more expensive installation but will 
give more uniform lighting. It can be fed 
either from conduit system run overhead or from 
underground wiring as desired and as will be 
described later. The floodlights are usually 
mounted from 6 to 10 ft above the ground at a 



mittee for its use. This material, 
in a somewhat condensed form, is sub- 
mitted herewith. 



height at which they are easily serviced and 
where they will not come in close proximity 
to high tension equipment. 

In cases where there is no building near the 
substation which forms a convenient mounting 
place for floodlights, the units can either be 
mounted on wood poles or steel poles set for 
the purpose or they can be mounted on the 
fence surrounding the station where the fence 
is of such construction that the conduit can be 
run around the top of the fence and floodlights 
mounted on the conduit. Where floodlights are 
mounted on the fence, 200 w units will be found 
to be most practical as they will be compara- 
tively close to the structure. Where they can 
be mounted on separate poles at a greater 
distance from the station, a few 500 w flood- 
lights will make a more economical installation 
although the light distribution will not be as 
even. 

In the case of a small rural substation, the 
use of from 2 to 4—200 w type ADA-12 flood- 
lights with diffusing lenses will usually be found 
adequate. If only 2 units are used, they should 
be mounted at diagonally opposite corners 
and if 4 units are used, one mounted at each 
corner. 

There are some cases where lighting is de- 
sired only for emergency repairs and in this 
case, sometimes a pilot house control is installed 
similar to the installation in Fig. 39, of the 
type SDX-12 250 w searchlight with a control 
handle mounted where it can be conveniently 
reached from the ground and the searchlight 
mounted where the beam can easily be trained 
on any part of the structure. 

Suggested methods of installation are shown 
in the following. Fig. 47 shows the installation 
of one floodlight on top of a steel post. Fig. 48 
shows details of mounting one or two 500 or 
1,000 w type ADA floodlights on a wood pole 
with the wiring details. Fig. 49 shows one 
method of mounting floodlights on the roof 
of a building which could be used where the 
parapet around the roof is not too high and which 
does not require the units being tied into the 
roof as the concrete block is movable and yet 
heavy enough to hold the unit in position. 
Fig. 50 shows the details of how the ADA-12 
floodlights can be mounted directly on the 
substation structure using in one case conduit 
nipples to support the floodlight and in the 
other case a special bolt base which can be 
bolted directly to the structure. It is also 
suggested in this case that at various parts of 
the structure, extra receptacles be mounted 
for connecting portable tools or hand lamps. 
Fig. 51 shows how floodlights can be installed 
on the ground throwing the light directly up- 
ward. This may be found to be convenient 
when no other mounting place is available 
and districts where there are no heavy snows. 
There are several different wiring methods shown 
for this installation. 



Outdoor Substation Illumination 



29 





Fig 34— Outdoor Substation Lighted with ADA-14, 500 W Floodlights; Fig. 35— Outdoor Substation 

Lighted with Prismatic Globe Street Lighting Units 
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Fig 37~Substa- 
tion Lighted with 
200 W Floodlights 
Mounted on Steel 
Structure 



Fig. 36— Substation Lighted with ADA-14 Floodlights 
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Fig. 38— Substation Lighted with 200 W Floodlights Mounted on Steel Structure and Adjacent Low Poles 




Fig. 39— Searchlight with Lever Control for Emergency Use at Outdoor Substations 
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Fig. 43 -Type ADA-12, Floodlight 



Fig. 40~Type ADA-14, Floodlight 
Projector 




Fig. 44— Type ADA-12, Floodlight 
Mounted on a Horizontal Surface 



Fig. 41— Type ADA-12, Floodlight 
Mounted on a Pipe Nipple 



^^^T v 


■Pv-^J 




^CAtf 




Fig. 45— Type ADA-12, Floodlight 
Mounted on a Vertical Surface 



Fig. 42— Type ADA-12, Floodlight 
Clamped to a Pipe with U Bolts 
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Fig. 46— Type ADA-14, Floodlight 
Projector 
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Fig. 47— Mounting Details for Floodlight 
on Steel Pole 
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POLE BAACKET 
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(FORM 6) 
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NUMBER 


DIM. 
-A- 


DIM. 
•B- 


MOUNTIWG MOLES 


NO 


size 


ADA- 14. AOC" 14. ADA-* 


ML 2632 


16- 


10' 


2 


11/16' 


UCE-20. LCE O20. LCE-24 


ML 2630 


IB- 


w 


4 


11/16" 


MSA-l 


HL992B 


ifl- 


19- 


4 


ll/IB" 



MOTE SPACING OF HOLES SHOWN ABOVE IS APPROXIMATE. 
COMPLETE DIMENSIONAL DRAWINGS SENT UPON REQUEST 




CS2S BOOT COMPLETE WITH BRGS6302 

RECEPTACLE CAN BE FURNISHED IN 

I, 2 OR 3 CANG, SEE PAGE 52 OF QMS* COVER TO CLOSE 

CONDULET CATALOG 2200. OPEN.NG IF PLUG IS REMOVED 



ALTERNATE WIRING 
DETAIL NO I. 



>vr-f-* 




TERNATE WIRING 
DETAIL NO. 2 


M^\ 








i 








I ' 








i 






Jk 


I ' 


/? 




y/ 


-h- 


>// 


i 


*^ / 


i 


/ u 


KUJ 



CR25 IRON CLAD BAYONET JOINT 
ROSETTE. CAP HAS RUBBER 
BUSHING FOR CLAMPING CORD, 
SEE SIMILAR LISTING ON PAGE 
160 OF CONOULET CATALOG 2200 



F27 CONDULET WITH 2715 ONC 
HOLE COVER- SEE PAGES 4 I 13 
OF CONDULET CATALOG 2200 



.use 

EMT» 



MM 



STEEL FRAMEWORK 



3/4" CONOUIT 




/T27 CONDULET WITH 2 70 COVER 
AND GASK572 GASKET 



3/4" X 1-1/2- NIPPLE IN CONDULET HUB WHICH 
FORMS SUPPORT FOR FLOODLIGHT 



TYPE ADA-12 FLOODLIGHT #40627 



CG8294 WATERTIGHT 
CORD CONNECTOR 



TYPE ADA-12 FLOODLIGHT MOUNTED 
DIRECTLY ON STEELWORK BY 
USING BOLT BASE HL2042 



CGB294 V^TERTIGHT CORD CONNECTOR 



FDC2 BOX WITH D36I, 2 WIRE PEC 
EPTACLE OR DSB2, 2 WIRE 3 POLE 
RECEPTACLE ; THIRD POLE IS USED 
FOR GROUNDING PORTABLE TOOLS 



STEEL FRAMEWORK 




WATER- DUST 
VAPOR PROOF 
SCREW COVER 



-INSTALLATION B- 



- INSTALL ATCN A . 



CR2S IRON CLAD 
BAYONET XMNT 

ROSETTE. SEE 
PAGE 160 OF 

CAT 2200. 




WATERTIGHT 
BP6522 PLUG 



CONCRETE 
FOUNDATION 




-INSTALLATION D- 



« GS25 BOOT 
' WITH BRG5A302 
RECEPTACLE SEE 
PAGE 52 CAT 22DO. 
•X- WtPXS 10- TO 20* DEPENDING 
UPON SOIL C0N0ITIOWS. 



-INSTALLATION C- 




r COUPLING 
ON r CONDUIT 



SLIP-FITTER WITH 
CG8 WIRE OUTLET 
(HL3663I 




^S^UCAJ SPLICE BOX 
SEE PAGE 40 CAT 31 

ANCHOR PIPE. 
UNDERGROUND CABLE 




TTPE F CONOULET WITH 
ONE HOLE COVER. SEE 
PAGES 4 113 CAT 22CO 



-HOTELS - 
THREE TYPES OF WMlNG OUTLETS ARC SHOWN IN INSTALLATION A.6 6C. 
AMY ONE OF WHICH CAN BE USED WITH ANY MOUNTING SHOWN IN SKETCH 
A , B ORC. INSTALLATION D 15 ESPECIALLY ADAPTED WHEN UNDERGROUND 

CABLE IS TO BE USED FOR WIPING. 



Fig. 48— (Upper Left) Pole Bracket Mounting; Fig. 49— (Upper Right) Mounting Details for Floodlight 

on Building Roof; Fig. 50— (Lower Left) Mounting Details for Floodlight on Steel Framework; Fig. 51— 

(Lower Right) Mounting Details for Floodlight on the Ground 
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General Electric Company, Sche- 
nectady, N. Y. 

Outdoor Substation Lighting 

It is now general accepted practice throughout 
the public utility field to illuminate outdoor 
substations. It is necessary to do this to insure 
carrying on safe and dependable night opera- 
tions and to enable operators to make repairs 
and cope with emergencies. These advantages 
or requirements cover the utilitarian purposes of 
substation lighting, but there are still further 
advantages that should be given proper recog- 
nition. 

If every lighting customer of a public utility 
could be given a personal inspection trip through 
the many connections or channels necessary 
to supply electric service to the lamp holders of 
his home or shop, he would not only be greatly 
impressed with the efforts being made to insure 
him of continuity of service but would also be 
given an opportunity to marvel at the low cost 
of electrical energy. To accomplish the above 
is, of course, impossible. A properly illumi- 
nated outdoor switching structure offers a means 
of calling these things to the attention of the 
public. By this means an operating company 
can also transform a substation structure into a 
spectacle or unusual night display. 

There are several accepted methods of 
illuminating substations. The large station 
prominently situated deserves lighting in keep- 
ing with its size and location. In this instance 
ornamental standards are justified and represent 
good practice. Smaller stations or stations 
not so prominently situated can best be treated 
with bracket Novalux units or floodlighting 
projectors. 

The energy consumed in lighting a station is 
obviously not important to the operating 
company. It cannot be urged too strongly that 
careful consideration be given the design to 
insure sufficient illumination so the many 
benefits both direct and indirect will be realized. 





Fig. 5 J— Form 12 Combination Street 
Lighting and Floodlighting Novalux Unit 





Fig. 



55 — Form 54 Multiple Outdoor 
Substation Lighting Unit 




Fig. 56 — Form 25 A Inverted Outdoor 
Substation Lighting Unit 



Fig. 54~Form 12 Novalux Ornamental 
Unit, 118 Rippled Globe 



Fig. SI— Type UO Novalux Floodlighting 
Projector 
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F i g. 67— D a y 
Vie w— Substa- 
tion Equipped 
with Form 8 
Ornamental 
Novaiux Units 
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Fig. 71- 



Photometric Test Curve for GE Type L30A Novatux 
Floodlighting Projector 



Fig. 70— Day View^Outdoor Substation Equipped with GE 
Form S3 Novalux Combination Street and Floodlighting Units 



HoLOPHANTE COMPANY, Inc., New 

York, N. Y. 

Inverted Method of Lighting Outdoor 
Substations 

The ideal system of lighting outdoor sub- 
stations should have the following qualities: 

1 — High vertical component of light. 

2 — Absence of glare. 

3 — Accessibility for relamping. 

4 — Absence of sharp shadows and dark 

pockets. 
5 — Low permanent depreciation. 
6— Low initial and maintenance cost. 
7 — Flexible light distribution to suit various 

conditions of station design. 

Substations located at the main generating 
plant and those of appreciable size isolated 
from the main plant present a lighting problem, 
the solution for which calls for lighting equip- 
ment whose distribution can be readily adapted 
to the structural design of the station. In 
general, the equipment in center bays of large 
substations may be lighted with units having 
a symmetrical (circular) light distribution 
(Figs. 72 and 73) y while equipment in the outer 
bays may be treated with units having an 
asymmetrical (fan-shaped) distribution (Fig. 

In some instances the bays are long and 
rectangular in shape and the lighting of such 
requires a distribution in which the maximum 
candlepower values are along the longitudinal 
axis of the bays (Fig. 74). It will be seen by 
comparison that a distribution of this kind 
results in higher candlepower values along the 



longitudinal axis of the bay than would a 
symmetrical light pattern (Figs. 72 and 73) 
due to the concentration of the light flux into a 
smaller area. The benefit of flexible light 
pattern is clearly shown in the above instance 
since if a unit having a symmetrical distribution 
(Figs. 72 and 73) were used in the rectangular 
area, the light which spills out the 2 sides of the 
bay would be entirely lost, whereas with the 
2 way distribution (Fig. 74), the light which 
would have been spilled is confined to zones 
where it will add to the candlepower values 
along the length of the bay. 

Small substation structures of one or two 
bays and of average height may be treated 
with one substation refractor for lighting the 
disconnects, the spill light being adequate 
for general lighting of the surrounding area. 
Another solution might be to mount "Wide- 
Spread" light refractors at the 4 corners of the 
station, using either bracket or pole mounting. 
A description of suitable brackets is given 
further in the text. 

Procedure for Designing Inverted Light- 
ing System for Outdoor Substations 

It has been generally proven through past 
experience that if the major locations such as 
disconnect switches, air brakes, etc., are properly 
accounted for in an inverted lighting system 
design, the less important points will be taken 
care of automatically. 

The inverted lighting unit consists of a cast 
metal fixture part supporting a Holophane 
prismatic refractor of either symmetrical or 
asymmetrical light distribution, the latter being 



protected from the elements by a blown glass 
globe (either clear or rippled). Due to the 
fact that the Holophane refractor possesses 
certain adjustable optical characteristics, pro- 
visions are allowed in the fixture design for 
raising or lowering the lamp socket. 

Referring to distribution curve, Fig. 72, it 
will be observed that the beam of maximum 
candlepower occurs at 107 deg. By lowering 
the socket position, this beam of maximum 
candlepower may be shifted as far as 115 deg. 
Conversely by raising the socket position, this 
beam may be shifted to 100 deg. For design 
purposes it is well to accept the 107 deg position 
as fitting the conditions in preliminary calcu- 
lations as it constitutes an average and allows 
leeway for change in the event the mounting 
height of the unit calculates to be either too high 
or too low for practical maintenance purposes. 

Design Procedure 

Scan plan and elevation blueprints of the 
station under consideration, marking in colored 
crayon the locations of major importance such 
as disconnects, air breaks, etc. Study locations 
and mark positions where lighting units would 
take care of at least 2 sets of major equipment, 
preferably more. This point should be a column 
of the structure if possible, otherwise pole 
mounting is necessary. The solution from this 
point on is graphical. 

Draw horizontal base line AB, Fig. 76, 
proportional in length to the horizontal distance 
from equipment to mounting point of unit. 
Erect perpendiculars AD and BC at each end 
of base line AB and on BC scale ofT the mounting 
height of major equipment above ground. 



42 



Electrical Apparatus Committee 



From point "C" draw line CD at an angle 
of 73 dcg with BC. This determines point 
"D" giving AD or height of* light center of 
inverted lighting unit above ground. Line 
DC in reality represents the beam of maximum 
candlepower leaving the unit at 107 deg and 
being directed toward the point of major equip- 
ment. By subtracting one foot from the 
elevation of point "D" the elevation of the 
threads of the mounting device (pole or bracket) 
is determined. 

If point "D" is top high for practical main- 
tenance, resolve using angles of from 73 deg 
to 65 deg for DCB. If point "D" is too low, 
resolve using angles of from 73 deg to 80 deg 
for DCB. A good working maximum for the 
length of line AB is 50 ft, Lesser values are 
preferable. 



Instructions for Adjusting Inverted 
Lighting Syste?n for Outdoor 
Substations 

After the lighting equipment has been in- 
stalled according to design procedure outlined, 
an inspection should be made at night. 

First: Turn off all lighting units. 

Second: Light one unit. Loosen locking collar 
at bottom of the unit and turn the 
unit in clockwise or counter-clockwise 
direction until the maximum illumi- 
nation falls on the disconnecting 
switches intended to be illuminated by 
this unit. In case the unit is Catalog 
No. 043772 (Asymmetric type) be sure 
that the refractor is oriented properly 
with respect to the disconnecting 



switches before tightening up on ad- 
justing collar. 
Third: Turn out the unit adjusted as outlined 
and turn on the second unit following 
the same procedure as already outlined. 

Each of the units used on the substation 
should be adjusted in the foregoing manner, one 
at a time. 

The desirability for a lighting unit which 
will direct light both upward and downward 
is met by the advent of the double bracket 
unit, Fig. 79. The bracket is made of cast 
aluminum and is so constructed that one end 
fits a 4 in. cast aluminum outlet box which has 
4 knockouts for 1 in. pipe. The other end of 
the bracket terminates in a double fitter. The 
fitters are of such a size to accommodate 3 
pieces of Holophane glassware resulting in a 
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Fig. 12 — Vertical Distribution Curve for Substation Unit 
No. 043382 with 300 W Lamps 



Fig. 73 — Horizontal Distribution Curve for Substation Unit 
No. 043382 with 300 W Lamps 
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Fig. 74— (Above) Horizontal Distribution Curve for Substation 
Unit No. 043762 with 300 W Lamps 

Fig. 75~(Right) Horizontal Distribution Curve for Substation 
Unit No. 043772 with 300 W Lamps 
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o( wattage irom 40 w to ISO w AnA 3 
changes in light distribution. H\ 

Capping up cither the upper or lower ourk 

the mam bracket .inn, a single bracket effect 
may be bad. Hie flexibility of the unit is 
paramount and it might be pointed out that ,i 
retractor having .m extensive distribution tor 

general lighting might he used in the lower 
outlet of the bracket while a light director 
having a concentrated distribution might be 
used in the upper side to light some specific 
piece of substation equipment. 

. Lighting 

Provision for expansion of the area covered 
i substation necessitates a yard lighting 
installation as a reduction in accident hazard, 
fire hazard and prevention against theft. The 
ition proper generally takes up but a 
small part ot the total area and sometimes 
certain portions of the remaining area are de- 
voted permanently to storage of materials. 

The Holophane lighting specified for yard 
lighting has been designed after the require- 
ments were well known. The units can be 
placed on centers 8 to 12 times the mounting 
height and unitorm illumination will result. 
The blinding effect can be reduced to a negligible 
quantity by mounting the units at a height from 
20 to 30 ft above the ground. The unit is dirt- 
tight and has no permanent depreciation. 
There are 4 distinct interchangeable distribution 
types: (a) Circular; (b) 2-Way; (c) 4-\Yay; 
(d) Fan shape; so that any possible application 
can be efficiently met. 

The Holophane yard lighting unit is made in 2 




Fig. 76 — Graphic Solution of Mounting 
Height 
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GENERATED LUMEflS PER UN EAR FOOT OF SPACING BETWEEN UNITS. 

Fig. 78— Generated Lumens per Lineal Foot of Spacing between Units 




Fig. 79— Double Bracket Unit for Substation Use 




Fig. 77— Outdoor Substation Unit 
Catalog No. 043382—300 W 



Fig. 80 -Night View, Conowingo Hydro Electric Development 
Webster and Day and Zimmerman 



-Designed by Stone & 
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Fig. 81 — Vertical Distribution Curve for Yard Lighting, 
Specific No. 043J8 with 300 W, 5,000 Lumen Lamp 




Fig. 82 — Horizontal Distribution Curve for Yard Lighting 
Specific No. 04338 with 300 W, 5,000 Lumen Lamp 
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Fig. 84— Vertical Distribution Curve for Yard Lighting 
Specific No. 04377 with 300 W, 5,200 Lumen Lamp 
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Fig. 85— Vertical Distribution Curve for Yard Lighting 
Specific No. 04376 with 300 W, 5,000 Lumen Lamp 



I 



•I 




Fig. 83 — Horizontal Distribution Curve for Yard Lighting 
Specific No. 04377 with 300 W, 5,200 Lumen Lamp 



Fig. 86 — Horizontal Distribution Curve for Yard Lighting 
Specific No. 04316 with 300 W, 5,000 Lumen Lamp 
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Fig. 88— Non-Ventilated Design with Ex- 
ternal Socket Adjustable Feature Recom- 
mended for Lamps as Large as 300 W 
[Line Material Co.) 



Fig. 87— Night View—Substation Equipped with Holophane No. 043382 
Substation Units 



sizes for the circular distribution: (a) 300 w; 
(b) 500 w. The 3 redirecting refractors for the 
300 w sizes are of the same diameter and are 
interchangeable in the fixture part. The metal 
fixture part is made of aluminum alloy and is 
tapped for 1 l / a in. fittings. The construction 
of the refractor is the well-known 2 piece type 
smooth outside and inside with all prisms in a 
dustproof enclosure. A rubber gasket locks 
against the fitter and refractor and makes a dust- 
tight fitting. Socket is adjusted by turning 
the lower member of the fitter which changes 
the socket position giving different angles of 
maximum candlepower. 

A graph for determining proper spacing 
and mounting height to secure a desired in- 
tensity is shown in Fig. 78. 

Line Material Company, South 
Milwaukee, Wis. 

Outdoor Substation Lighting 

In the public utility field it is the generally 
accepted practice to illuminate outdoor sub- 
stations. For utilitarian purposes it is necessary 
that such lighting insure safe and dependable 
night operation, but due consideration should 
also be given to the esthetic appearance of the 
substation at night. 

A properly designed substation lighting 
system will attract the attention of the passing 
utility customer and make him realize the 
efforts that are being made to insure him of 
continuity of service. 



The better lighting system for outdoor sub- 
stations is the one which embodies the following 
characteristics: 

1 — No glare (due to maximum beams being 

thrown upward). 
2 — Controlled lighting adaptable to various 

substation layouts. 
3 — Ample stray light for lighting substation 

yard. 
4 — Low initial cost. 
5 — Low maintenance cost. 
6 — Easily installed. 
7 — Readily accessible. 

The energy used in substation lighting is not of 
primary importance to the operating company; 
therefore, careful consideration should be taken 
to install lighting equipment that is designed 
to insure adequate illumination so that both 
direct and indirect benefits will be realized. 

By the use of the proper refractor equipment 
to control the light, the rays may be thrown 
on most any part of the substation equipment 
and structure. 

Where the light is to be thrown in 360 deg 
the symmetrical light distribution is recom- 
mended. 

When illumination is desired on a certain 
group or groups of equipment asymmetric 
distribution is required, and reference should be 
made to the various asymmetric light distribu- 
tion curves of refractors, shown in Figs. 92 and 
93, which we recommend for use on our outdoor 
substation lighting equipment. 



HOT AIR i 

OUTLET \ 



SHIELD 




Fig. 89— Ventilated Design with External 
Socket Adjustable Feature Recom- 
mended for Lamps as Large as 500 W 
{Line Material Co.) 
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Fig. 90— Day View and Fig. 91— Night View, Substation Equipped with Substation Units 
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Fig. 91B Night 
View, Substation 
Equipped with 
Substation Type 
Lighting Units 



Fig. 91 A— Day 
View, Substation 
Equipped with 
Substation Type 
Lighting Units 
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Fig. 92— Lateral Distribution Curves 
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SUBSTATION FIXTURE MOUNTED ON FENCE POST 
EQUIPPED WITH H-38 ASYMMETRIC REFRACTOR & F-25 SHIELD 




SUBSTATION FIXTURE MOUNTED ON FENCE POST 
EQUIPPED WITH H-34 ASYMMETRIC REFRACTOR- ft F-25 SHIELD 





SUBSTATION FIXTURE MOUNTED ON FENCE POST SUBSTATION FIXTURE MOUNTED ON FENCE POST 

EQUIPPED WITH H-31 ASYMMETRIC REFRACTOR & F-25 SHIELD EQUIPPED WITH H-34 ASYMMETRIC REFRACTOR a F-25 SHIELD 





H-l REFRACTOR FOR GENERAL LIGHTING 
INSIDE OF SUBSTATION STRUCTURE 



H-37 REFRACTOR FOR LIGHTING GROUPS OF 
EQUIPMENT INSIDE OF STRUCTURE 



-ets- 



H-36 REFRACTOR FOR LIGHTING GROUPS OF 
EQUIPMENT INSIDE QF STRUCTURE 



H-38 REFRACTOR FOR LIGHTING GROUPS OF 
EQUIPMENT INSIDE OF STRUCTURE 



Fig. 93— Arrangement of Lighting Units 



50 



Electrical Apparatus Committee 



Philadelphia Electrical & Manu- 
facturing Co., Philadelphia, Pa. 

Outdoor Substation Lighting Equipment 

A tendency several years ago was to drift 
from indoor substations to outdoor substations 
and it was found that it was necessary to have a 
number of switches mounted on these substa- 
tions. In most cases they were manually 
operated and had to be operated from a location 
on the ground, and as this switching might have 
to be accomplished at night it was necessary 
to have the proper illumination on the said 
switches to readily determine what position 
they were in. 

This company designed a substation unit 
known as No. 528, shown in Fig. 94, using a 
Holophane refractor with an outer globe. 
This refractor is so designed that it throws a 
greater percentage of the light upward and if 
mounted about 9 ft from the ground level, there 
will be sufficient spill light on the ground to 
permit the operator to see his way around 
without additional illumination. The outer 
globe over the refractor is to protect the re- 
fractor from rain in case a unit is lighted, thus 
preventing it from cracking. Both the re- 
fractor and the outer globe are hinged in such a 
manner that it makes renewal of bulbs very 
simple. Also an adjustment for adjusting 
the light center to get the proper distribution 
of light from the refractor. This unit in some 
cases is mounted on a standard (Fig. 95) or on a 
bracket arm (Fig. 97). 

Fig. 96 shows a unit which is used very 
extensively for lighting the property adjacent 
to steam plants. This is a plain unit and 
makes a very good appearance for this type of 
lighting. It is composed of a cast iron base 
with a piece of 3 in. pipe threaded into it and a 
cast iron capital at the top which supports a 
ripple globe and also canopy. This is a boule- 
vard type globe and the distribution of light is 
very good. 




In a number of cases, hydro electric plants 
have required illumination around the walk- 
way of the dam and for this purpose the company 
has developed what is known as No. 354 unit, 
shown in Fig. 98. This is practically the same 
unit as the substation light except the outer 
globe is omitted and a 2 way Holophane re- 
fractor is used. 

Fig. 99 shows a bracket which is used in a good 
many cases for road lighting for hydro electric 
plants using No. 354 unit. It can be supplied 
to fit either a wooden or steel pole. 
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Fig. 96— Type BP2517 Lighting Standard 



Fig, 95— Type BP2518-B Lighting 
Standard 



Fig, 97— (Below) Substation Unit No. 528 
Mounted on No. 203 Arm 



Fig. 94— (Left) 
No. 528 Substa- 
tion Lighting 
Unit 
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354. Unit 



Fig. 9 8 — 

Pemco Type 

D638 Lighting 

Standard 




Fig. 99— Pemco Type €637 Lighting Standard, with No. 354 Unit 



Westinghouse Electric and Manu- 
facturing Company, Cleveland, 
Ohio 

Outdoor Substation Illumination 

The increasing consumption of electrical 
energy has caused an increase in construction 
programs on the part of various utility com- 
panies, and consequently a large number of 
substations have been built, with many more 
on the way to completion. The comparatively 
new type of structure involved in modern sub- 
stations has given rise to the problem of pro- 
viding adequate illumination for those already 
completed, and of making allowances in the 
design of new stations in order to supply them 
with the best degree of illumination. 

The primary consideration in the lighting 
of outdoor substations is the providing of 
adequate illumination for maintenance and 
operation of equipment with perfect safety to 
workmen, after which lighting for advertising 
and good-will should be considered. Therefore, 
the selection of equipment will not only be 
governed by its utilitarian usefulness, but also 
by its conformity to esthetic requirements. 

In planning the lighting for an outdoor sub- 
station, it is necessary to aim at good visibility 
in any plane throughout the structure accom- 
panied by a minimum of glare and eye strain. 
The lighting units can be located either on the 
substation structure by means of brackets, 
or on separate standards or towers. It is 
preferable that the lighting units be mounted 
on standards independent of the substation 
structure, in order that there be no danger 
involved in maintaining them and so that they 
can be located to give the best illumination 
possible. The units should be mounted so as 
to have a light center from 8 to 20 ft above the 

? [round and should be provided with light control 
eatures consisting of either a reflector or re- 
fractor. The reflector type units include either 
the ordinary floodlighting projector, directing 
light in only one direction, and the Duolux unit 
which is a street lighting luminaire having a 
reflector inside to control the major portion of 
light in the desired direction. The latter is, 
of course, more artistic and should be used on all 
installations where more than a utilitarian type 



of installation is desired. The refractor type 
units are designed to give symmetric or asym- 
metric distribution of light depending upon the 
arrangement of equipment and area to be il- 
luminated. The asymmetric refractors are 
mounted on standards located around the sta- 
tion just outside of the structure and direct 
the greater portion of the light toward the 
substation. The symmetric refractors are 
mounted on standards usually inside of the sub- 
station area. Figs. 100 to 114, inclusive, show 
the equipment described. 

It has been found that of the units described 
above the most satisfactory is the Duolux 
Floodlighting unit mounted on Hollowspun 
Granite standards. In this standard a push 
button switch and a receptacle to take a separ- 
able attachment plug is provided as a con- 
venience outlet for extension cords. 

The spacing of the units is dependent upon 
the area to be illuminated, the quantity of light 
desired, the location of equipment within the 
structure and the elimination of shadows. 
It is impossible to give exact recommendations 
as to spacing of units as every installation will 
have certain peculiarities which will require 
detailed study. It can be said, however, that, 
in general, lighting units should be arranged 
symmetrically to eliminate dense shadows. 

The Lighting Unit 

The lighting unit should possess distinctive 
artistic qualities and should harmonize with the 
ornamental standard so as to present a pleasing 
and attractive appearance in the general view of 
the street. The lighting unit should consist 
of a globe, globe-ring, canopy and a means for 
securing the canopy to the globe. The as- 
sembly should be arranged to permit ready 
access to the interior of the unit in order to 
facilitate cleaning and lamp replacements. 

The globe should be of alabaster glass with 
rectangular protuberances on the outer surface 
so arranged that light from the lamp will be 
sufficiently diffused in the horizontal plane 
with very little diffusion in the vertical plane. 
The character of the glassware should be such 
as to give the unit a brilliant and sparkling 
appearance with minimum absorption of light. 

The canopy should be glass of the same 
character as the globe and should have graceful 



lines tapering to an ornamental final. The 
diameter of the canopy at its lower edge should 
be large enough to provide space for a rolled brass 
retaining band between the upper globe flange 
and the canopy to serve as a resilient means of 
attaching the canopy to the globe by the in- 
sertion of thumb screws passing through tapped 
holes in the band and then binding against the 
globe flange. This should furnish a substantial 
means of securing the canopy to the globe with 
ample allowance for expansion and contraction 
of the glass with changes in temperature. 

In order to further decrease maintenance each 
lighting unit should be furnished with a globe 
holder provided with resilient grips to hold 
the globe true to its seat and to permit easy 
removal for cleaning or replacing the globe. 
The globe holder should be given a smooth 
coat of green enamel. 

The lamp socket should be adjustable in 
order that it may be raised or lowered to adjust 
the lamp to its correct position with respect to 
whatever refractor may be used and to accommo- 
date lamps of various sizes. 

Within the lighting unit provision should be 
made so that refractor holders may be installed 
to properly support the latest type of refractor 
for asymmetric distribution of light. 

The Projector 

The projector should be constructed of the 
best commercial grade of materials, fabricated 
and assembled in a workmanlike manner. 
The unit should consist essentially of an efficient 
reflector mounted in a non-ventilated housing 
fitted with a lamp socket and a door, the 
assembly to be supported in a bow mounted on a 
base. 

The body should be made of cast aluminum 
or bronze alloy designed to withstand hard 
usage and exposure to adverse atmospheric 
conditions, and should be supported from the 2 
sides in a steel bow pivoted on a cast iron base, 
both to be hot galvanized. With the base 
fastened in a horizontal position, it should be 
possible to aim the projector in any direction 
in both horizontal and vertical planes and to 
clamp the unit in the desired position. When 
specified, an inclination stop and a rotation stop 
should be provided which make it possible to 
return the projector body to its exact original 
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position without reaiming after having been 
turned to a convenient position for servicing. 

The door frame should be of cast aluminum 
or bronze alloy, hinged to the housing at the 
bottom. The joint between the door and 
the housing should be provided with a rubberized 
cotton duck gasket to exclude dust and moisture, 
the required pressure to be obtained by T- bolts 
with wing nuts, hinged to the body. The door 
frame should be provided with a heat-resisting 
glass lens suitable for the application, held in 
place against a gasket by means of clips. For 
applications requiring color, there should be 
provided an inner lens which may be attached to 
the door frame by means of removable clips. 
When specified, a sheet aluminum visor should 
be provided which can be attached to the door 
frame in not less than 6 different positions 
without additional screws or bolts. For appli- 
cations requiring a clear lens where the un- 
reflected light from the lamp may be objec- 
tionable, there should be provided an inside 
circular louver supported from the door frame. 

The reflector should be of metal plated with 
chromium to prevent deterioration or scratching 
of the surface, the contour to be suitable for the 
application. The lamp focusing mechanism 
should be operated by 3 thumb screws at the 
top of the body, providing 3 dimension adjust- 
ment. In the units for 300 w or larger lamps, it 
should also be possible to rotate the socket in 
order to properly orientate the lamp filament. 
The socket should be spring-supported in such 
a way that the lamp may be pulled forward 
when servicing the unit and will return to its 
original position when released. The pro- 
jectors should be designed to accommodate 
ISO w to 1,000 w lamps. When specified, a 
socket stilt should be provided for use with 
G-bulb lamps. 

The Floodlighting Projector 

The floodlighting projector should be designed 
particularly for railroad yard lighting or other 
applications where a long throw necessitates 
high beam candlepower. 

In order to keep the weight of the floodlight 
as low as is consistent with good construction, 
the frame should be of a cast aluminum alloy 
and the back of spun sheet aluminum. The 
joint between the spun back and the cast frame 
should be permanently sealed with a tough 
and durable compound. 

The door frame should also be of cast alumi- 
num alloy. It should be hinged to the projector 
frame at the side and, to prevent the door 
blowing shut while an attendant is cleaning or 
relamping the floodlight, should be provided 
with a device which will automatically hold the 
door in its open position. The joint between 
the door and the projector frame should be 
provided with a gasket to exclude dust and 
moisture. To insure a close fit, not less than 6 
T-bolts and wing nuts should be hinged to 
the projector frame at equal distances about the 
circumference and arranged to engage with 
forked lugs at corresponding points on the 
circumference of the door frame. The lens 
should be of special heat-resisting glass and 
should be held in the door frame between 2 
gaskets to prevent breakage and to exclude 
dust and moisture. 

The focusing mechanism should consist 
essentially of 3 externally operated thumb 
screws, one for adjustment in each of the 3 
directions necessary for the correct focusing of 
the lamp. Each of these adjustments should 
be independent of the other. It should also 
be possible to rotate the lamp socket in order 
to turn the lamp until the narrowest dimension 
of the filament faces the reflector. To facilitate 
cleaning the reflector and relamping, the socket 
should be spring-supported in such a way that 
the lamp can be pulled forward and, when re- 
leased, return to its original focal position. 

The sheet aluminum projector should be 
used where an inconspicuous floodlight of 



light weight and narrow beam divergence is re- 
quired. 

The projector body should be of at least No. 18 
B and S gage sheet aluminum, mounted on a 
small cast aluminum base. The latter should 
be provided with a universal joint clamped 
by means of a bolt and wing nut, making it 
possible to turn the body in any direction by a 
single adjustment. 

Due to the fact that the lamps for which the 
projector is designed cannot be burned within 
4^ deg of the base up position, the lamp socket 
should extend upward through the reflector 
at an angle of approximately 45 deg, making it 
possible to operate the projector in practically 
any position without bringing the lamp within 
its critical angle. A single thumb screw should 



be provided to make all necessary focal adjust- 
ments of the lamp. 

The door should be hinged at the bottom and 
held firmly against the projector body by not 
less than 3 spring latches which can be opened 
without the use of tools. The joint between the 
lens and the outside flange of the door frame 
and between the lens and the projector body 
should be provided with composition packing 
rings to prevent lens breakage and to exclude 
dust and moisture. The lens should be held in 
the door frame by means of small clips which 
can be removed with a knife blade or small 
screw-driver. 

The reflector should be of brass and plated 
with chromium to prevent rapid deterioration 
or scratching of the surface. 




Fig. 100— Front 

and Side Views 

with Louver in 

Place 
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Fig. 101— Day View—Substation Equipped with Hollowspun Granite Lighting 

Standards 
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Fig. 105— Street Lighting Unit 




Fig. 103~Type CA-10 or CB-10 Projector Fig. 104— Washington Lighting Unit Fig. 106— Substation Lighting Unit 
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Fig. 110— Type CSA-24 Floodlighting Projector— Front View 



Fig, 111— Type CSA-24 Projector—Side View 




Fig. 112- 



-Type CA-14, CB-14, CA-16 or Fig. 113 
CB-16 Projector 



-Sheet Aluminum 
Projector 



Floodlight Fig. 114— Sectional View— Sheet 

Aluminum Projector 
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Russell and Stoll Company. Inc. 
New York, N. Y. 

Figs. 115 to 118 inclusive, show some of the 
company's standard substation equipment rec- 
ommended where watertight or weatherproof 
material is required. The fixtures shown in Fig. 



115 are especially recommended for manhole 
lighting. The receptacles shown in Fig. 116 are 
designed for use with 2, 3 and 4-wire systems 
and are provided for equipment-grounding in 
either of two ways; first, by means of a conduct- 
ing path through the housings thereby using 
the ground connection of the conduit system; 
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second, by means of an additional pole which 
connects the casings of the portable equip- 
ment directly to the ground. These receptacles 
are particularly recommended for outdoor 
service, in manholes or where there is consider- 
able drip. 
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Fig. 



115—90 Deg Wall Bracket Vapor Proof Fixtures, Screw Globe- 
Type G without Switch; (Right) Type GS with Switch 



-(Left) 




Fig. 116— Surface Receptacles and Plugs— (Left) Type A, Weatherproof; (Right) 

Type B, Watertight 




Ftg. 117— Weatherproof Receptacles for Hand Portable Lamps and Small Tools— 

[Left) 15 Amp Capacity, Polarized with Grounding Feature; (Right) 10 Amp 

Capacity, Polarized or Reversible 
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Fig. 118— Watertight Snap and Toggle 
Switches — Cast Brass Boxes and Covers 
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?* c l c £°* 8t r- R - *J' L w E £ Y San J°*q»« Li ght & Power Corp., Fresno. Cal 
Cofo Robertson, Public Service Co. of Colorado, Dm ver. 

louthweVSS" h" £ ^ ENTRY ' Memphis Power & Light Co.. Memphis. Tenn. 
aoutnwestern— H. K. Handley. Dallas Power & Light Co., Dallas Tex. 



R. E. Anderson, Delta Star Electric Co., Chicago 111 

N Y S ° N ' NCW Y ° rk & QueeDS EIeCtric Li « ht '& Power Co., Flushing, 

F" f" «»!£-' Con dit .E}fctrical Manufacturing Corp., Boston, Mass. 
F. F. Brand General Electric Co., Pittsfield, Mass 
R. Brandt, New England Power Co., Boston, Mass 

p"* BROOKINS - Westinghouse Electric & Manufacturing Co.. East Pittsburgh. 

T. J. Brosnan Buffalo, Niagara & Eastern Power Corp., Buffalo N V 

F. & Brown, Duquesne Light Co., Pittsburgh. Pa ^"Halo, N. Y. 

H, W. Codding, United Engineers & Constructors. Inc., Newark N T 

O. K Coleman, American Gas & Electric Co., New York NY h 

E. J Crawford San Joaqutn Light & Power Corp., Fresno Cal" 

H. A. Dambly Philadelphia Electric Co.. Philadelphia Pa 

i r S AV 'L S " The ^, eW Vor * Edison Co - New York. N Y 

W W ED S ON OM; fh E ; "°" ston Lighting & Power Co., Houston, Tex. 

r w V*?^ ^ he ^ S ,° n Electric Illuminating Co., Boston. Mass 

C. W Falls, General Electric Co., Schenectady, NY 

C. J Firth, Philadelphia Electric Co., Philadelphia. Pa 

a Vt' 9^ RDNER ' 5 Uquesne Li & ht Co - Pittsburgh, Pa 

w* ^ • Garrhtt Commonwealth Edison Co., Chicago, III 

C M ri?x GE «, P T, fic ^ S - & E A ectr l C Co - San Francis'co. Cal. 

C. M. GILT, Brooklyn Edison Co., Inc., Brooklyn, N Y 

F.^C. Hanker, Westinghouse Electric & Manufacturing Co., East Pittsburgh, 

£r.?i? AWKIN ^' Alabama Power Co., Birmingham, Ala 
Max Hbcht. Duquesne Light Co., Pittsburgh, Pa. 

D. D. Hicgins Commonwealth Edison Co., Chicago, 111 

M. H. Hobbi, Westinghouse Electric & Manufacturing Co., East Pittsburgh Pa 



Special Membership of Subcommittees 



Jf'J* Hockbr, Public Service Production Co, Newark N J 
«; «r K ¥ EESEY ' Commonwealth Edison Co., Chicago, 111 
w W Lewis, General Electric Co, Schenectady, N Y 
t,. K. Lewison, Philadelphia Electric Co., Philadelphia. Pa 
7 Lic'iteberg, General Electric Co., Schenectady N Y 
V Jw OC v N ' Geor K ia Power Co., Atlanta, Ga. ' 

Pa. EILL ' Westin K hou se Electric & Manufacturing Co.. East Pittsburgh. 

W. C. Mangels Public Service Electric & Gas Co., Newark, N J 
H. H. Marsh Jr., Duquesne Li^ht Co., Pittsburgh, Pa. 
t £? f J A ^ T1, Ame "can Brown Boveri Co.. Inc.. Camden. N T 
r w ^. cC t lllo ^". The United Electric Light & Power Co.. New York N Y 
S' y'K? IClV * E M-' The Toledo Edison Co - Toledo. Ohio 
H. V. Nye, Alhs-Chalmers Manufacturing Co., Milwaukee. Wis. 
A. B. Rogers, Power Engineering Co., Montreal, Can. 
»; w K t , UPERT - Duquesne Lij;ht Co., Pittsburgh. Pa 

H P^SpnuM^'^Ki- J '«Jr- ^ hUe Mana S em «°t Corp.. New York, N. Y. 
A"F l^'i^^^^V^f - o( Northern Illinois. Chicago/ill. 
A. E^ Silver, Electric Bond & Share Co., New York N Y 
M. Spurck, General Electric Co., Philadelphia, Pa.' 
C. Wagner, Philadelphia Electric Co., Philadelphia. Pa 
B. West, Westinghouse Electric & Manufacturing Co., Sharon Pa 
L Williams. The Ohio Power Co.. Canton, Ohio " 

. B. Williamson, Alhs-Chalmers Manufacturing Co., Milwaukee Wis 
H. B. Wood. Stone & Webster Engineering Corp. Boston Mass 

port w7' UmtCd Ught & P ° Wer E-^o^rior* Constr'ucrion Co.. Daven- 
F. Zocbaum, The New York Edison Co., New York, N. Y. 
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Standing Order for N. E. L. A. Reports 

Please fill in and send to 

NATIONAL ELECTRIC LIGHT ASSOCIATION 

420 LEXINGTON AVENUE 
NEW YORK, N. Y. 



Name of Company 1 or Individual 

Street City . 

State . Country (Foreign) 



Date 



x lf ordered by a company, please give the following information: 

Person authorizing order 

Title Purchase Order No 

Person to whom reports should be sent 

(for distribution within the company) 

This Standing Order is to remain in effect until rescinded by purchaser 



Committees* 
SPECIAL 

Codes and Standards 

Lamp 

Public Policy 

Railway Electrification . 
Rate Research 



No. of Copies 



GENERAL 

Civic Development. . . 

Educational 

Insurance 

Motor Transportation 
Rural Electric Service 



ACCOUNTING 

Budget 

Classification of Accounts 

Customers* Records 

Fixed Capital 

General Records 

Purchasing and Storeroom 
Statistics 



Committees 2 No. of Copies 
PUBLIC RELATIONS 

Advertising and Publicity . . . 

Cooperation with Educational 

Institutions 

Customer Ownership 

Employe Information 

Industrial Relations 

Public Speaking 

Relations with Financial In- 



stitutions 
Women's . . 



ENGINEERING 

Accident Prevention 

Electrical Apparatus 

Foreign Systems Coordination 
(Formerly "Inductive Coordination") 

Hydraulic Power 

Meter 

Overhead Systems 

Power Systems Engineering 

Prime Movers 

Underground Systems ..'.... 



Committees 2 No. of Copies 
COMMERCIAL 

Commercial Cooking 

Electric Truck. . 

General Power 

Industrial Heating 

Commercial and Industrial 

Lighting 

Electrical Advertising 

Domestic Lighting 

Outdoor Lighting 

Domestic Electric Range 

Farm Equipment 

Merchandise Sales 

Water Heating 



Refrigeration 



Customer Relations ("Service 
Suggestions" — a monthly 
publication) 



Wiring Sales 



2 All Committees shown do not necessarily prepare reports annually. 
Some Committees may prepare two or more reports a year. There 
are no set dates for the issuance of reports, which are prepared only 
when a sufficient amount of new and valuable information has 



been gathered to justify their publication. Price quotations are 
not available in advance of publication, because prices of reports 
are based on production costs. Price list of published reports 
available upon request. 

(please see reverse side) 



Ihousands of men and women engaged in the 
electric light and power industry are improving their 
operations by the study and use of 

N.E.L.A. Committee Reports 

which may be obtained immediately upon publication. 

HERE'S HOW: 

On the reverse side is a list of National Committees issuing printed 
reports upon completion of studies in their respective fields — 

Please 

(1) Specify thereon, in the space provided after 
each committee, the desired number of copies 
of each report as issued by the committee 

(2) Give the shipping information requested. 

(3) Mail filled-in form to N. E. L. A. Headquarters, 
420 Lexington Avenue, New York, N. Y. 

Additional copies of the order form and a list of all N. E. L. A. publications 
available, with prices to members and non-members, may be obtained from 
Headquarters upon request. 



Hundreds of companies use the standing order method of promptly obtaining the 
essential information contained in reports for the use of employes whose operations are 
benefited thereby. Orders usually are based on the recommendations of department 
heads and requests by employes. Reports so ordered are shipped immediately upon 
publication to one person in the company for internal distribution. 



Invest in N. E. L. A. Committee Reports 
They Always Pay Dividends 



(please see reverse side) 



Always at Hand— Your N.E.L.A. Publications 



WHY not begin to keep 
your reports and other 
N.E.L.A. publications in a 
handy, easily accessible 
binder? Especially designed 
for N.E.L.A. publications, and 
as a service to members, 
they are sold at manufac- 
turing and handling cost. 

Binders have stiff covers, 
are bound in a good quality 
of dark blue cloth and 
stamped in gold lettering. 



Prices of the Binders 

N.E.LA. Bulletin $1.75 

Weekly Information Letter . . . 1.25 

Electrical News Items 1.25 

Statistical Reports 1.25 

Public Opinion 1.25 

Information Booklets 1.25 

For Reports 

Engineering Reports 1.25 

Accounting Reports 1.25 

Commercial Reports 1.25 

Public Relations Reports .... 1.25 

General and Special Committees . 1.25 

A Complete Set of Eleven Binders 
May Be Purchased for $13.50 

NATIONAL ELECTRIC 
LIGHT ASSOCIATION 

420 Lexington Avenue, New York, N. Y. 
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Recent Engineering Section Reports 



Accident Prevention Committee 



Pub. 

no 

032 



No. 



To 

Mem 

Price brrs 

Tree Trimming Practices $ . 30 $ .20 

Precautions to Be Observed in the Opera- 
tion of Portable Kenotron Test Sets 30 

289-112 Suggestion Systems 40 

278-4 Temporary Safety Grounding 40 

278-44 Safe Practices for Construction and Oper- 
ating Men 75 

267-94 How to Set Up an Accident Prevention 

Organization 25 

Electrical Apparatus Committee 

164 Outdoor Substation Design 1 00 

158 Outdoor Substation Illumination 1 . 50 

043 Preferred Voltage Ratings for A. C. Sys- 
tems and Equipment 50 

289-37 Progress in Generator Designs and Practice .45 
289-48 Storage, Handling, Treatment, Inspec- 
tion and Testing of I nsulating Oils 75 

289-52 Uniform Records of Electrical Operation 

of Power Systems 

289-60 Outline of Fundamentals of System Inter- 
connection 

D. C. Substation Design Practice 1 

Automatic and Remotely Controlled Sub- 
stations. 

278-20 Generating Station Bus and Switch Struc- 
ture Design 90 



20 
.25 
.25 

.50 

.15 



.75 
.00 

.30 
.30 

.50 



.30 .20 



289-82 
278-6 



.15 
.50 

.55 



10 
00 

35 



60 
00 



278-39 A. C. Substation Design Practice— 1927.. 1.50 1 
267-75 Guides for Specifications Covering Power 

Station Motor and Control Equipments 25 .15 

Hydraulic Power Committee 

120 Mechanical Reliability of Hydro-Electric 

Units— 1929 40 .25 

116 Welding of Water Wheels .40 .25 

115 Forecasting Water Supply 30 .20 

13 Hydraulic Governors and Frequency 

Control 75 .50 

086 Bibliography of Hydro-Electric Subjects 

and Manufacturers' Statements 60 .40 

083 Automatic and Partial Automatic Hydro- 
Electric Plants 50 .30 

082 Ice Problems in Hydro-Electric Plants 30 . 20 

047 Draft Tube Tests 40 .25 

01 Power House Cranes 25 .15 

289-84 Spillway Gates on or Adjacent to Dams. .40 .25 

Foreign Systems Coordination Committee 

147 Telephone Cable Circuit Noise and Power 

Distribution Systems. 15 .10 

118 The Technical Theory of Inductive Co- 
ordination ■ 40 .25 

144 Some Features of the Telephone and Tele- 
graph Systems 60 .40 

289-95 Automatic Train Control Installations 

and Description of the Code System 30 .20 

Meter Committee 

132 Summary of Public Utility Commission 
Rules and Regulations for Electricity 

Meters .40 .25 

128 New Developments in Electrical Measur- 
ing and Auxiliary Testing Devices 90 .60 

16 Watthour Meter Lubrication 30 .20 

072 High Tension Meter Installations 40 .25 

055 Inspection, Retest and Use of Electri- 
cians' Rubber Gloves 40 .25 

289-7 State Laws Relating to Theft of Electric 

Current 40 .25 



Meter Committee— Continued 

Pub. No W« 

289-39 Low Tension Metering Installations $ .15 

278-23 Auditing Meter Records 15 

278-27 Educational Opportunities for the Meter- 
man 15 

278-31 Methods of Determining Correctness of 

Watthour Meter Connections .90 



To 
Mem- 
bers 

$ .10 

.10 

.10 
.60 



.50 



.40 


.25 


.30 


.20 


.30 


.20 



.25 

.30 
.25 

.25 

.15 



Overhead Systems Committee 

150 Methods and Procedures for Inspection 

of Materials Used on Overhead Lines. . 

17 Design of 110 and 132 Kilovolt Steel 
Tower Transmission Lines 

1 1 1 Line Construction Organization Methods. 

1 10 Tree Trimming Practices 

03 Operating Methods Overhead and Under- 
ground Primary and Secondary Distri- 
bution Systems .40 

08 Construction and Maintenance Equip- 
ment and Methods 40 

289-6 Practical Uses of Steel and Concrete Poles . 40 

289-16 Recommended Practices for Design and 

Construction of Rural Lines. 40 

289-42 Patrol and Inspection of Transmission 

Lines .25 

289-45 Suggested Specifications for Overhead Line 
Materials and Methods of Construc- 
tion for Low and Medium Voltage Lines .90 .60 

289-46 Types of Distribution Systems and 

Methods of Effecting Changeover .40 .25 

Power Systems Engineering Committee 

087 Power System Master Plan 
Distribution Substations — 
High Load Density Distribution 40 

Prime Movers Committee 

159 Stoker Equipment and Furnaces 1 .00 

156 Boilers, Superheaters and Economizers. . . 1 .40 

154 Higher Steam Pressure and Temperatures . 30 

151 Turbines 1.50 

148 Pulverized Fuel 1.00 

131 Foreign Developments 90 

117 Station Piping .30 

19 Boiler and Turbine Room Instruments. . .75 

14 Power Station Chemistry 75 

11 Oil and Gas Engines 40 

069 Condensing Equipment 75 

064 Burning ofLiquid and Gaseous Fuels 40 

05 1 Treatment of Feedwater 65 

044 Power Station Betterment 30 

036 Coal and Ash Handling 40 

Underground Systems Committee 



.30 



162 Acceptance Inspection and Testing of 

Cable 30 

160 Cable Research. . . 25 

161 Cable Operation 40 

130 Conduit and Manhole Construction. 40 

119 Oil Reservoirs and Accessories for Under- 
ground Cables 40 

127 Cable Sheath Damage and Protection. . . .40 

090 Cable Joint Design and Construction 45 

021 Earth Temperatures and Their Use in 

Rating Cables .25 

04 Conduit and Manhole Temperatures 50 

02 Cable Installation 30 



. o 
.90 
.20 
1.00 
.75 
.60 
.20 
.50 
.50 
.25 
.50 
.30 
.45 
.20 
.25 



.20 
.15 

.25 
.25 

.25 
.25 
.30 

.15 
.35 
.20 



QUANTITY DISCOUNTS 

10-24 copies. 5% I 100-249 copies 15% I 500-999 copies 257 

25-99 copies 10% | 250-499 copies 20% | 1000 or more 30% 

Quantity discounts apply only to one order in one shipment to one address, and are not cumulative 



NATIONAL ELECTRIC LIGHT ASSOCIATION 

420 Lexington Avenue NEW YORK CITY 
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